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Background. The physical activity has been associated with a reduced risk of type 2 diabetes. The aim of this study was to examine
the eﬀect of physical activities such as occupational, household and daily lifestyle activities and obesity on the prevalence of type
2 diabetes in middle-aged population. Methods. All people (n = 2053), aged 45–64 years were selected for this study from the
large sample of population-based cross-sectional data collected in the 1990–1994 by National Health Survey of Pakistan. The
participants completed in-person interviews at baseline; the overall response rate was 92.6%. The Cox proportional hazards model
was used to estimate the risk of developing the type 2 diabetes. Results. Stair climbing was found to be inversely associated with the
risk of diabetes and cycling was also associated with a reduced risk of type 2 diabetes (RR = 0.82; 95% CI 0.68–1.00, P = .048).
The relationship between physical activity and reduced risk of diabetes adjusted for age and body mass index was statistically
signiﬁcant only in women (P<. 01). Conclusions. This study provides an incentive that physical activity in leisure-time exercise or
daily activity reduces the risk of type 2 diabetes in a high-risk population.
Copyright © 2009 Rashid M. Ansari. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
1.Introduction
Theobjectiveofthisarticleistostudytherelationshipofself-
reported physical activity with obesity and diabetes preva-
lence in a middle-aged population of Pakistan. The middle-
aged population of Pakistan is overweight or obese, lack of
physical activity, unhealthy food, and eating habits exposing
this population to a high risk of type 2 diabetes. According
to World Health Organization (WHO), prevalence of Type
2 diabetes in Pakistan for the year 2000 was 5.2 million and
for 2030 it would be around 13.8 million. A quarter of the
population of Pakistan would be classiﬁed as overweight or
obese with the use of Indo-Asian-speciﬁc BMI cutoﬀ values.
Jafar et al. [1] have reported that prevalence of overweight
was 25% and obesity was 10% in a large population-based
sample of people over the age of 15 years in Pakistan using
revised deﬁnitions of overweight (BMI ≥ 23kg/m2)a n d
obesity (BMI ≥ 27kg/m2) among Asian population [2]. This
deﬁnition showed lower than the conventional cut oﬀ values
ofBMI(≥25kg/m2)andobesityforpopulationsofEuropean
origin and reﬂects the higher ratio of body fat to muscle
mass. They have also used a cutoﬀ BMI value of 23kg/m2
in their data analysis using receiver operating characteristic
(ROC) curve analysis for conditions such as hypertension
and diabetes. On the age-speciﬁc prevalence of overweight
and obesity, they found that more than 40% of women and
30% of men aged 35–54 years were classiﬁed as overweight
or obese [1].
It has been suggested in a variety of observational and
epidemiological studies that physical activity may play a
signiﬁcant role in the prevention of type 2 diabetes mellitus.
The relationships between physical activity and overweight
are only beginning to be understood for the adult popula-
tion, sedentary behaviours, particularly watching television
(TV) and videos as well as surﬁng the internet has been
found to be related to higher body mass index (BMI) for
adult’s population [3]. Literature linking physical activity
levels with risk of overweight in adults is not consistent
but physical activity is an important component of eﬀective
obesity treatments [4].
The recent ﬁndings of the clinical trials in this area
provide the most convincing evidence that physical activity,
in conjunction with diet and weight loss, can prevent
diabetes in a variety of populations and age groups [5–7].2 Journal of Environmental and Public Health
More speciﬁc studies in men and women with impaired
glucose tolerance at baseline from a variety of racial and
ethnic backgrounds in the United States, China, and Finland
demonstrated a decrease in the incidence of type 2 diabetes
as the result of interventions that included physical activity
[5–7]. However, with the exception of the Chinese study,
which was randomized by clinic, all of these intervention
trials combined physical activity with weight loss and diet
in their intervention scheme. In other words, the indepen-
dent eﬀect of physical activity intervention was not tested
directly.
The Word Health Organization conducted a survey in
2003 in Pakistan with a response rate of 95% and indicated
that prevalence of physical inactivity is 26.5% among the
males aged 50–59 years and 35% among females with the
same age group.
The physical activity [8] can play an independent role in
the prevention of type 2 diabetes separately from its eﬀect on
weight loss and body composition. The exercise and training
studies have supported the contention that physical activity
improves insulin sensitivity independently of any eﬀect of
activity on weight loss and fat distribution [8]. In a recent
cross-sectionalpopulation study, physicalactivitywasshown
tobenegativelyassociatedwithinsulinconcentrationsintwo
populations at high risk for diabetes that diﬀered greatly by
body mass index [9].
The population in Pakistan hasone of the world’s highest
documented incidence rates of type 2 diabetes mellitus, and
has a high prevalence of obesity similar to those American
Indians reported by Bennett et al. [10] and Knowler et al.
[11]. Therefore, physical activity levels have been assessed in
this population using the same activity questionnaire that is
beingusedinanumberofepidemiologicalstudiesofdiabetes
worldwide [12, 13]. The present study examined the role
of physical activity and obesity in the development of type
2 diabetes risk in a cohort of middle-aged population in
Pakistan.
2.MaterialandMethods
2.1. Study Description. This study used the speciﬁc data of
middle-aged high risk population from the National Health
Survey of Pakistan (NHSP) which was conducted between
1990 and 1994 by the Pakistan Medical Research Council
(PMRC) and the Federal Bureau of Statistics (FBS), with
technical assistance from the National Center of Health
Statistics (NCHS) of the US Centers for Disease Control
(CDC). The National Health Survey of Pakistan was a cross-
sectional population-based survey, conducted between 1990
and 1994, of 18135 individuals aged 6 months and above;
9442ofthemwereaged ≥15years[14].Thesamplingdetails,
design, components, survey instruments and quality control
have previously been reported [14]. Ethical approval for the
survey was obtained from the Institutional Review Board at
the Pakistan Medical Research Council [15].
All people (n = 2053), aged 45–64 years, were selected
from the large sample of population for this study. The
participants completed a detailed baseline survey including
personal interviews for assessment of dietary intake, physical
activity, and other lifestyle factors, and the overall response
rate was 92.6%. The diabetes was diagnosed if the 2-hour
elapsed time plasma glucose concentration was at least
200mg/dL or if a diagnosis was conducted during the
course of routine medical care [16]. The test was based on
the standard 2-hour Oral Glucose Tolerance Test (OGTT)
recommended by American Diabetes Association (ADA)
as the standard 2 hour OGTT is suﬃcient to diagnose
or exclude all forms of diabetes mellitus at all but the
earliest stages of development. The examination was also
conducted taking medical history, physical examination,
and measurement of height and weight and obesity was
estimated by the body mass index (weight (kg)/height (m)2).
The category of overweight and obesity was deﬁned as a
BMI of 23kg/m2 or greater. This deﬁnition, based on the
revised criteria for Asian populations [2] was lower than
the conventional cutoﬀ value of 25kg/m2 for populations
of European origin. Obesity was deﬁned as a BMI of
27kg/m2 or greater. The measurements of weight, height,
and circumferences of waist and hips were taken at baseline
recruitment according to standard protocol by trained
interviewers and from these measurements, the following
variables were created: BMI: weight in kilogram divided by
the square of height in meters, WHR: waist circumference
divided by hip circumference.
2.2. Physical Activity. The detailed assessment of physical
activity was obtained using a physical activity questionnaire
which was administered by trained interviewers to individ-
uals between the ages of 45 and 64 years who participated
in the survey [14]. The validity of the questionnaire was
evaluated by comparing Spearman correlations (r) for the
physical activity questionnaire with two criterion measures
administered over a period of 12 months. Signiﬁcant corre-
lations between the physical activity questionnaire and crite-
rion measures for exercise were observed (physical activity
log, r = 0.74; 7-day physical activity questionnaire, r =
0.80). Signiﬁcant correlations between the physical activity
questionnaire lifestyle activities and the 7-day questionnaire
were also observed (r = 0.30–0.88). The reproducibility
of the questionnaire (2-year test-retest) was evaluated using
kappa statistics and intraclass correlation coeﬃcients (kappa
= 0.64 and the intraclass correlations coeﬃcients were
between 0.14 and 0.54).
The questionnaire evaluated regular exercise and sports
participation during the last 2 years. All the participants
were asked ﬁrst if they had engaged in regular exercise/sports
during the past 2 years. Exercisers were asked to report
details for up to three types of exercises/sports (i.e., type,
hours/week, and years of participation in each activity).
Physical activity energy expenditure was estimated using
standard metabolic equivalent values (MET) [17]. Exer-
cise/sportsenergyexpenditurewasestimatedbytheweighted
average of energy expended in all activities reported over the
last2yearsprecedingthe(MET-hours/day/year).METorthe
standard metabolic equivalent is a unit used to estimate the
amount of oxygen used by the body during physical activity.Journal of Environmental and Public Health 3
1M E T= the energy (oxygen) used by the body at rest, while
sitting quietly or reading a book, for example. The harder the
bodyworksduringtheactivity,themoreoxygenisconsumed
and the higher the MET level.
The information was collected on daily activities such as
walking, stair climbing, cycling and household activities. The
metabolic equivalents for each daily activity and the total
METsfordailyactivitywerealsocalculated.Summaryenergy
expenditurevalues(MET-hours/day)fortheseactivitieswere
estimated using the following MET values: housework, 2.0
METs; walking, 3.3 METs; stair climbing, 9.0; METs, and
cycling 4.0 METs, using a compendium of physical activity
values [17].
2.3.StatisticalAnalysis. TheCoxproportionalhazardsmodel
was used to estimate the risk of type 2 diabetes by levels
of physical activity in the individuals who were nondiabetic
at baseline. The physical activity and body mass index were
included as time-dependent variables in these models, along
with age at baseline. We used a quadratic term to adjust
for age in the Cox proportional hazards model to allow for
the nonlinear eﬀect of age on the prevalence of diabetes. All
analyses were performed separately for men and women.
The tests for linear trend were performed by entering
the categorical variables as continuous parameters in the
models. In all models, we adjusted for potential confounding
variables including age, income level, education level, occu-
pation, and smoking. We adjusted for pre-existing chronic
disease (coronary heart disease, stroke, and cancer) and
for hypertension to minimize the possibility that changes
in physical activity following diagnosis of such conditions
would obscure the true association between physical activity
and prevalence of diabetes. In addition, the analyses were
repeatedafterexclusionofparticipantswithchronicdiseases.
3. Results andDiscussions
There were 482 cases of type 2 diabetes identiﬁed out of
2053 nondiabetic participants aged 45–64 years initially
interviewed and were part of this research study. The
participants with type 2 diabetes have a higher BMI,
WHR, low level of education and had a history of CHD,
hypertension and stroke as compared to nondiabetic women
in the survey. Table 1 provides age-speciﬁc prevalence of
obesity in middle-aged population of Pakistan. It may be
observed that the prevalence is highest, 42% (95% CI =
38.3–46.1) among women aged 45–54 years and lowest,
26.7% (95% CI = 22.5–30.9) among men aged 55–64 years.
Participants who engaged in leisure time physical activity
were more likely to be older and to have a college education
but less likely to be employed and participation in leisure
time activity was also associated with having coronary heart
disease, cancer, stroke, and hypertension. These results are
in line with the ﬁndings of Jafer et al. [1] suggesting that
that the factors independently and signiﬁcantly associated
with being overweight and obese in that population were
higher age, being female, urban residence, and having a
high income and high intake of meat. In addition, being
overweight and obese was independently associated with
having hypertension, diabetes, and raised serum cholesterol
concentration [1].
Stair climbing was inversely associated with the risk of
diabetes and this was true before and after the adjustment
for BMI and WHR. Cycling was also associated with a
reduced risk of type 2 diabetes (RR = 0.82; 95% CI 0.68–
1.00, P = .048). Household activities and walking were
unrelated to the risk of diabetes. When we examined the risk
of diabetes by the quartiles of the distribution of METs from
all daily activities combined, we found an inverse association
of marginal signiﬁcance (P = .055) before and after the
adjustment for BMI and WHR.
The time-dependent Cox proportional hazards model
was used to estimate the age-adjusted eﬀect of physical
activity on diabetes prevalence alone and then with body
mass index added to the model as shown in Table 2.T h e
total physical activity was signiﬁcantly related to diabetes
prevalence in women (P<. 05) but not in men. If
occupational activity is removed from the physical activity
estimate, the relation between leisure physical activity and
diabetes prevalence is strengthened, particularly in men.
After adjustment for body mass index, the relation between
activity and diabetes prevalence was weakened in both men
and women. Similar results were found if weight was added
to the model instead of body mass index. This relation
between physical activity and diabetes prevalence adjusted
for age and body mass index was statistically signiﬁcant only
in women (P<. 01). There was no signiﬁcant interaction
between age, body mass index, or sex and total physical
activity.
4. Strength andWeakness
In this study, the association between obesity and health
conditions was cross-sectional and there was no follow-up
study and therefore new cases of disease could not be iden-
tiﬁed. However, those could be considered in future eﬀorts
by more frequent assessment of physical activity during the
follow-up period. Although some sociodemographic factors
associated with being overweight have been identiﬁed in
the survey, in-depth trials are needed to study the impact
of strategies aimed at behaviour change that would target
these factors to reduce the prevalence of being overweight
or obese. Reliance on self-reported physical activity with
obesity and diabetes is a major weakness of the study.
Misclassiﬁcation of diabetes could weaken the association
between physical activity and the risk of type 2 diabetes.
In addition, measurement error in the physical activity
questionnaire may also introduce biases in the study. The
strengths of this study are the high response rate and use
of the modiﬁed Asian-speciﬁc deﬁnition of being overweight
or obese which are generalizable. The other strength of this
study is the high quality of data collected and the large
sample size available for analysis allowing to assess the risk
with adjustment for confounders for many demographic
and socioeconomic factors as well as to evaluate potentially
important interactions.4 Journal of Environmental and Public Health
Table 1: Age-speciﬁc prevalence of obesity in middle-aged population (n = 2053).
Age, years Obese women % (95% CI) Obese men % (95% CI)
45–54 263/623 42.0 (38.3–46.1) 161/559 28.8 (25.1–32.6)
55–64 140/444 31.5 (27.2–35.9) 114/427 26.7 (22.5–30.9)
Total 403/1067 37.7 (34.9–40.7) 275/986 27.9 (25.1–30.7)
Table 2: Time-dependent proportional hazard regression predicting diabetes. Incidence by physical activity level in the middle-aged
population.
Population/total
sample
Variable Hazard ratio 95% conﬁdence
interval
P value
Men
275/986
Controlled for age Leisure activity 0.60 0.40–0.90 .05
Total activity 0.79 0.46–1.25 .5
Controlled for age and
body mass index
Leisure activity 0.78 0.57–1.28 .06
Total activity 1.0 0.60–1.58 .8
Women
403/1067
Controlled for age Leisure activity 0.68 0.50–0.92 .01
Total activity 0.70 0.53–0.95 .04
Controlled for age and
body mass index
Leisure activity 0.72 0.58–0.97 .04
Total activity 0.75 0.65–1.08 .08
5. Conclusions
Themaincontributionofthisstudyistoprovideanincentive
that physical activity in leisure-time exercise or other types
of daily activities such as stair climbing, household activities,
cycling, and walking reduce the risk of type 2 diabetes in a
high-risk population. While the association between leisure-
time and type 2 diabetes has been investigated in a number
of studies [18–20], the inﬂuence of other types of physical
activities on type 2 diabetes risk has not been systematically
described.
This study has provided evidence that not only leisure-
time physical activity but also other types of physical
activities are associated with a reduction in type 2 diabetes
risk. This study comprehensively evaluated the association of
various types of physical activities and identiﬁed that stair
climbing was inversely associated with the risk of diabetes
andcyclingwasdirectlyassociatedwithareducedriskoftype
2 diabetes.
The ﬁnding that a physically active lifestyle is associated
with a lower incidence of type 2 diabetes has been shown in
several prospective studies. In a study of female-registered
nurses aged 34–59 years at baseline, women who reported
engaginginvigorousexerciseatleastonceaweekhadalower
incidence of self-reported type 2 diabetes during the 8 years
of follow-up than did women who did not exercise weekly
[18]. Similar ﬁndings were observed between exercise and
incidence of type 2 diabetes in a 5-year prospective study of
male physicians aged 40–84 years [19]. Likewise, in a large
cohort of postmenopausal women aged 55–69 years, the 12-
year incidence of diabetes was lower in those women who
reported any physical activity compared with the sedentary
women [20]. In all of these prospective studies, however,
the diagnosis of diabetes was based upon self-reported,
physician-diagnosed diabetes. The results of the present
study are consistent with the abovementioned prospective
studies in literature [18–20].
In order to understand the potential contribution of
physical activity to the prevention of type 2 diabetes apart
from its eﬀect on weight loss and body composition, one
must deﬁne the physiologic basis underlying the relation
between activity and diabetes. Beyond the eﬀect of activity
on body mass and composition, physical activity may reduce
the risk for type 2 diabetes directly through improvements
in insulin sensitivity [6]. However, a large portion of the
eﬀect of physical activity in decreasing insulin resistance is
short lived and may last only a few days [21, 22]. Thus, the
consistency of an individual’s activity throughout the years
is a key issue that needs to be measured before one can
understand the mechanisms underlying the relation between
physical activity and diabetes prevention [23].
Theprincipleimplicationsofthisstudyistohighlightthe
importance of physical activity for the prevention of type 2
diabetes in the middle-aged population of Pakistan which
is experiencing a rapid and substantial decline of physical
activity levels as a result of poor eating habits, unhealthy
food supply, expansion of television, computerization, and
mechanization as well as more prevalent car ownership and
sedentary behaviour. In parallel with decreasing levels ofJournal of Environmental and Public Health 5
physical activity, the prevalence of overweight and obesity
has increased signiﬁcantly in Pakistan and as a consequence,
diabetes mellitus has become a major public health issue.
Therefore, promoting an active lifestyle or regular exercise
should receive the highest public health priority in that
country.
Acknowledgments
The author is highly thankful to Dr. Akif Ullah Khan, Medi-
calDirectorofIbn-Al-NafeesMedicalCenter,Peshawar,Pak-
istan and Dr. Saiqaa Ansari for providing extensive help and
support to acquire the speciﬁc data of middle-aged popula-
tion of Pakistan from the source http://www.pmrc.org.pk/.
The author also extends his appreciation to Pakistan Medical
Research Council for providing linkage to major national
health studies, digital, and electronic databases for educa-
tional and research purposes.
References
[1] T. H. Jafar, N. Chaturvedi, and G. Pappas, “Prevalence of over-
weight and obesity and their association with hypertension
and diabetes mellitus in an Indo-Asian population,” Canadian
Medical Association Journal, vol. 175, no. 9, pp. 1071–1077,
2006.
[2] C.Ba rba ,T .C a va lli-Sf o rz a ,J .C u tt e r ,eta l.,“ A p p r o p ria t ebod y-
mass index for Asian populations and its implications for
policy and intervention strategies,” The Lancet, vol. 363, no.
9403, pp. 157–163, 2004.
[3] J. Struber, “Considering physical inactivity in relation to
obesity,” The Internet Journal of Allied Health Sciences and
Practice, vol. 2, no. 1, 2004.
[4] B.E.Saelens,“Helpingindividualsreducesedentarybehavior,”
in Obesity: Etiology, Assessment, Treatment, and Prevention,R .
E. Andersen, Ed., pp. 217–238, Human Kinetics, Champaign,
Ill, USA, 2003.
[5] X.-R. Pan, G.-W. Li, Y.-H. Hu, et al., “Eﬀects of diet and
exercise in preventing NIDDM in people with impaired
glucose tolerance: the Da Qing IGT and diabetes study,”
Diabetes Care, vol. 20, no. 4, pp. 537–544, 1997.
[6] J. Tuomilehto, J. Lindstr¨ om, J. G. Eriksson, et al., “Prevention
of type 2 diabetes mellitus by changes in lifestyle among
subjects with impaired glucose tolerance,” The New England
Journal of Medicine, vol. 344, no. 18, pp. 1343–1350, 2001.
[7] W. C. Knowler, E. Barrett-Connor, S. E. Fowler, et al.,
“Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin,” The New England Journal of
Medicine, vol. 346, no. 6, pp. 393–403, 2002.
[ 8 ]J .L .I v y ,T .W .Z d e r i c ,a n dD .L .F o g t ,“ P r e v e n t i o na n dt r e a t -
ment of non-insulin-dependent diabetes mellitus,” Exercise
and Sport Sciences Reviews, vol. 27, pp. 1–35, 1999.
[9] A. M. Kriska, M. A. Pereira, R. L. Hanson, et al., “Association
of physical activity and serum insulin concentrations in two
populations at high risk for type 2 diabetes but diﬀering by
BMI,” Diabetes Care, vol. 24, no. 7, pp. 1175–1180, 2001.
[10] P. H. Bennett, T. A. Burch, and M. Miller, “Diabetes mellitus
in American (Pima) Indians,” The Lancet, vol. 2, no. 7716, pp.
125–128, 1971.
[ 1 1 ]W .C .K n o w l e r ,P .H .B e n n e t t ,R .F .H a m m a m ,a n dM .M i l l e r ,
“Diabetes incidence and prevalence in Pima Indians: a 19-fold
greater incidence than in Rochester, Minnesota,” American
Journal of Epidemiology, vol. 108, no. 6, pp. 497–505, 1978.
[ 1 2 ]A .M .K r i s k a ,W .C .K n o w l e r ,R .E .L a P o r t e ,e ta l . ,“ D e v e l -
opment of questionnaire to examine relationship of physical
activity and diabetes in Pima Indians,” Diabetes Care, vol. 13,
no. 4, pp. 401–411, 1990.
[13] A. M. Kriska and C. J. Caspersen, “Introduction to a collection
of physical activity questionnaires ,” Medicine & Science in
Sports & Exercise, vol. 29, supplement, pp. S5–S9, 1997.
[14] National Health Survey of Pakistan, Health Proﬁle of the People
of Pakistan, 1990–94, Pakistan Medical Research Council,
Islamabad, Pakistan, 1998.
[15] A. A. Qureshi, G. Wajid, I. A. Shaikh, et al., “Ethical consider-
ations for human investigation in Mallick MD. Sample design
for the National Health Survey of Pakistan,” Pakistan Journal
of Medical Research , vol. 31, supplement, pp. 289–290, 1992.
[16] World Health Organization, “WHO Expert Committee
on Diabetes Mellitus: second report,” World Health
Organization—Technical Report Series, vol. 646, pp. 1–80,
1980.
[17] B. E. Ainsworth, W. L. Haskell, M. C. Whitt, et al., “Com-
pendium of physical activities: an update of activity codes and
MET intensities,” Medicine and Science in Sports and Exercise,
vol. 32, no. 9, supplement, pp. S498–S504, 2000.
[18] J. E. Manson, E. B. Rimm, M. J. Stampfer, et al., “Physical
activity and incidence of non-insulin-dependent diabetes
mellitus in women,” The Lancet, vol. 338, no. 8770, pp. 774–
778, 1991.
[ 1 9 ]J .E .M a n s o n ,D .M .N a t h a n ,A .S .K r o l e w s k i ,M .J .S t a m p f e r ,
W. C. Willett, and C. H. Hennekens, “A prospective study of
exercise andincidence ofdiabetesamong USmale physicians,”
JournaloftheAmericanMedicalAssociation,vol.268,no.1,pp.
63–67, 1992.
[20] A. R. Folsom, L. H. Kushi, and C.-P. Hong, “Physical activity
and incident diabetes mellitus in postmenopausal women,”
American Journal of Public Health, vol. 90, no. 1, pp. 134–138,
2000.
[21] G. W. Heath, J. R. Gavin III, and J. M. Hinderliter, “Eﬀects
of exercise and lack of exercise on glucose tolerance and
insulin sensitivity,” Journal of Applied Physiology Respiratory
Environmental and Exercise Physiology, vol. 55, no. 2, pp. 512–
517, 1983.
[22] V. A. Koivisto, H. Yki-J¨ arvinen, and R. A. DeFronzo, “Physical
training and insulin sensitivity,” Diabetes/Metabolism Reviews,
vol. 1, no. 4, pp. 445–481, 1986.
[23] A. M. Kriska, A. Saremi, R. L. Hanson, et al., “Physical activity,
obesity, and the incidence of type 2 diabetes in a high-risk
population,” American Journal of Epidemiology, vol. 158, no.
7, pp. 669–675, 2003.